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FIELD OF THE INVENTION

The present invention relates to electronic shelf

labels and to electronic shelf label systems generally.

BACKGROUND OF THE INVENTION

There are known in the prior art a variety of different

types of electronic shelf labels and electronic shelf label

systems. The following U.S. Patents and other publications are

believed to represent the state of the art:

5,539,393; 5,553,412; 5,572,653; 5,753,900; 5,880,449; 5,933,813;

5,975,416; 6,031,585; 6,105,004.

JP 2000152857; DE 19840248; DE 19840251; EP 974918A2; AU 9923674;

FR 2778775; FR 2772529; SE 9103048; RD 344094; GB 2249854.

WO 95/22798; WO 98/00819; WO 98/32115; WO 99/65288.

The disclosure in Section 3.7.4. of "Wireless Infrared

Communications", by John R. Barry, Kluwer Academic Publishers,

1994, pp. 75 - 77 is believed to be relevant to part of the

subject matter of the present invention.

The present applicant/assignee is the proprietor of the

following published patents and patent applications: US Patent

Nos. 5,880,449; 5,933,813; 6,105,004.

US Patent Application No. U.S. S.N. 09/147,422.

WO 98/00819; WO 96/32683;
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SUMMARY OF THE INVENTION
The present invention seeks to provide improved elec-

tronic shelf labels and electronic shelf labels systems.

There is thus provided in accordance with a preferred
embodiment of the present invention an electronic shelf label
including an LCD display, a housing including a protective at
least partially transparent cover layer disposed over the LCD
display and in spaced relationship thereto, and an at least

partially transparent intermediate layer formed over the LCD
display and substantially filling a space between the LCD display
and the protective at least partially transparent cover layer.

Further in accordance with a preferred embodiment of
the present invention the at least partially transparent interme-
diate layer has an index of refraction which is selected so as to

minimize reflection at interfaces between the at least partially
transparent intermediate layer and both of the LCD display and
the protective at least partially transparent cover layer.

Still further in accordance with a preferred embodiment
of the present invention the at least partially transparent

intermediate layer is located with respect to the LCD display and
to the protective at least partially transparent cover layer so

as to substantially eliminate air gaps therebetween.

Additionally in accordance with a preferred embodiment
of the present invention, the electronic shelf label also in-

cludes at least one fuel cell powering the LCD display.

Preferably the fuel cell includes at least first and
second printed circuit boards, each having electrical contacts
formed thereon, the electrical contacts on the first and second
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printed circuit boards each being in at least partial registra-

tion with each other, the printed circuit boards each being

formed with a plurality of apertures generally surrounded by the

electrical contacts, a plurality of electrodes, each electrode

being located in one of the apertures, and a membrane disposed

between the first and second printed circuit boards, the mem-

brane providing electrical insulation between the electrical

contacts on the first and second printed circuit boards and

permitting ionic transfer thereacross between the electrodes,

and the electrodes located in apertures on the first printed

circuit board being exposed to a fuel, and the electrodes located

in apertures on the second printed circuit board being exposed

to air.

Moreover in accordance with a preferred embodiment of

the present invention the fuel cell powering the LCD display

includes a fuel tank, filling generally the volume of the hous-

ing not occupied by the display and the communicator.

Still further in accordance with a preferred embodiment

of the present invention the index of refraction of the interme-

diate layer is identical to the index of refraction of at least

one of the LCD display and the protective at least partially

transparent cover layer.

Preferably the index of refraction varies from one

surface of the intermediate layer to an opposite surface there-

of.

There is also provided in accordance with yet another

preferred embodiment of the present invention an electronic shelf

label system including a multiplicity of electronic shelf la-
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bels, each including an IR transmitter for transmitting informa-
tion relating to the electronic shelf label, at least one receiv-
er receiving IR transmissions from the multiplicity of electronic

shelf labels, the at least one receiver including an IR sensor, a

non-IR visible light sensor, and circuitry for employing an

output of the non-IR visible light sensor for reducing interfer-

ence in a signal band sensed by the IR sensor.

Further in accordance with a preferred embodiment of
the present invention there is provided an electronic shelf label

system and wherein each of the multiplicity of electronic shelf

labels includes an LCD display, a housing including a protective

at least partially transparent cover layer disposed over the LCD

display and in spaced relationship thereto, and an at least

partially transparent intermediate layer formed over the LCD

display and substantially filling a space between the LCD display

and the protective at least partially transparent cover layer.

Preferably the at least partially transparent interme-

diate layer has an index of refraction which is selected so as to

minimize reflection at interfaces between the at least partially

transparent intermediate layer and both of the LCD display and

the protective at least partially transparent cover layer.

Still further in accordance with a preferred embodiment

of the present invention the at least partially transparent

intermediate layer is located with respect to the LCD display and

to the protective at least partially transparent cover layer so

as to substantially eliminate air gaps therebetween.

Moreover in accordance with a preferred embodiment of
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the present invention each electronic shelf label also includes
at least one fuel cell powering the LCD display.

Preferably the fuel cell includes at least first and
second printed circuit boards, each having electrical contacts
printed thereon, the electrical contacts on the first and
second printed circuit boards being in at least partial registra-
tion with each other, the printed circuit boards each being
formed with a plurality of apertures generally surrounded by the
electrical contacts, a plurality of electrodes, each electrode
being located in one of the apertures, and a membrane disposed
between the first and second printed circuit boards, the mem-
brane providing electrical insulation between the electrical
contacts on the first and second printed circuit boards and
permitting ionic transfer thereacross between the electrodes,
and the electrodes being located in apertures on the first
printed circuit board being exposed to a fuel, and the elec-
trodes located in apertures on the second printed circuit board
being exposed to air.

There is further provided in accordance with yet anoth-
er preferred embodiment of the present invention an electronic
shelf label which includes a housing, an electrically driven
display mounted in the housing, at least one electrically pow-
ered illuminator, at least one fuel cell powering the electri-
cally driven display and the at least one electrically powered
illuminator, and a data communicator providing display data to
the electrically driven display from an external data source.

There is also provided in accordance with a preferred
embodiment an electronic shelf label including a housing, an
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electrically driven display mounted in the housing, at least one

fuel cell powering the electrically driven display, the at least

one fuel cell including a fuel tank, filling generally the volume

of the housing not occupied by the display and the communica-

tor, and a data communicator providing display data to the

electrically driven display from an external data source.

Further in accordance with a preferred embodiment of

the present invention there is provided an electronic shelf label

which also includes at least one electrically powered illumina-

tor, and wherein the at least one electrically powered illumina-

tor and the electrically driven display have an average lifetime

without requiring repowering of at least six months.

Still further in accordance with a preferred embodiment

of the present invention the at least one fuel cell has an

average mean power output of less than approximately 50 micro-

watts .

Additionally in accordance with a preferred embodiment

of the present invention the at least one fuel cell has an aver-

age peak power output of less than approximately 3 milliwatt.

Moreover in accordance with a preferred embodiment of

the present invention the fuel tank is fluid refuelable with-

out requiring dismounting of the housing from a mounting loca-

tion.

Furthermore in accordance with a preferred embodiment

of the present invention the at least one fuel cell is replace-

able without requiring dismounting of the housing from a mounting

location.
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There is also provided in accordance with yet a further

embodiment of the present invention an electronic shelf label

including a housing, an electrically driven display mounted in

the housing, at least one electrically powered illuminator, at

least one replaceable energy source powering the electrically

driven display and the at least one electrically powered illumi-

nator, and a data communicator providing display data to the

electrically driven display from an external data source, the at

least one replaceable energy source being replaceable without

requiring dismounting of the housing from a mounting location.

Further in accordance with a preferred embodiment of

the present invention the electronic shelf label also includes an

at least partially transparent intermediate layer formed over the

display and substantially filling a space between the display

and the housing.

Still further in accordance with a preferred embodiment

of the present invention the at least partially transparent

intermediate layer has an index of refraction which is selected

so as to minimize reflection at interfaces between the at least

partially transparent intermediate layer and both of the LCD

display and the housing.

Additionally in accordance with a preferred embodiment

of the present invention at least partially transparent interme-

diate layer is located with respect to the display and the

housing so as to substantially eliminate air gaps therebetween.

There is also provided in accordance with a preferred

embodiment of the present invention a fuel cell including at

least first and second printed circuit boards, each having elec-
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trical contacts printed thereon, the electrical contacts on the

printed circuit boards being in at least partial registration

with each other, the printed circuit boards each being formed

with a plurality of apertures generally surrounded by the elec-

trical coritacts, a plurality of electrodes, each electrode being

located in one of the apertures, and a membrane disposed between

the first and second printed circuit boards, the membrane

providing electrical insulation between the electrical contacts

on the first and second printed circuit boards and permitting

ionic transfer thereacross between the electrodes, the elec-

trodes being located in apertures on the first printed circuit

board being exposed to a fuel, and the electrodes located in

apertures on the second printed circuit board being exposed to

air.

There is also provided in accordance with yet another

preferred embodiment of the present invention an electronic shelf

label including a flexible electrically driven display mounted

in the housing, at least one flexible power supply powering the

electrically driven display, and a data communicator providing

display data to said electrically driven display from an external

data source

.

There is further provided in accordance with a further

embodiment of the present invention an electronic shelf label

system including a multiplicity of flexible electronic shelf

labels, each including an IR transmitter for transmitting infor-

mation relating to the electronic shelf label, and at least one

receiver receiving IR transmissions from the multiplicity of
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flexible electronic shelf labels.

Further in accordance with a preferred embodiment of

the present invention the at least one receiver includes an IR

sensor, a non-IR visible light sensor, and circuitry for employ-

ing an output of the non-IR visible light sensor for reducing

interference in a signal band sensed by the IR sensor.

Still further in accordance with a preferred embodiment

of the present invention each of the multiplicity of electronic

shelf labels comprises a flexible LCD display.

Additionally in accordance with a preferred embodiment

of the present invention each electronic shelf label also in-

cludes at least one fuel cell powering the LCD display.

There is also provided in accordance with yet another

preferred embodiment of the present invention an electronic shelf

label system including a multiplicity of electronic shelf la-

bels, each including an electronic display for displaying product

information, and a product information entry device which is

operative to directly write product information to the electron-

ic display when in propinquity thereto.

There is also provided in accordance with yet another

preferred embodiment of the present invention an electronic shelf

label system including a multiplicity of electronic shelf labels,

each including an IR receiver for receiving information relating

to the electronic shelf label, and an electronic display for

displaying product information based on the information received

by the IR receiver, and at least one transmitter transmitting IR

transmissions containing the information to the multiplicity of

electronic shelf labels, the at least one transmitter being
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characterized in that it transmits information including both

price and product description.

Further in accordance with a preferred embodiment of

the present invention the electronic display displays both the

price and the product description.

Still further in accordance with a preferred embodiment

of the present invention the receiver receives the information

including both price and product description.

Additionally in accordance with a preferred embodiment

of the present invention the electronic display includes a uni-

tary LCD display.

Moreover in accordance with a preferred embodiment of

the present invention the receiver receives the price informa-

tion and the product information is supplied to the electronic

display other than via the receiver.

Furthermore in accordance with a preferred embodiment

of the present invention the electronic display includes at least

two separate LCD displays, at least one of which is operative to

display price information received via the receiver and at least

one of which is operative to display product information received

other than via the receiver.

Still further in accordance with a preferred embodiment

of the present invention the electronic shelf label system also

includes a portable product information entry device which is

operative to supply product information to the electronic dis-

play when in propinquity thereto.

Preferably the portable product information entry
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device is operative to receive a transmission from the transmit-

ter including the product information and to provide the

product information to the electronic display when in propinqui-

ty thereto.

Additionally in accordance with a preferred embodiment

of the present invention the electronic shelf labels are flexi-

ble.

Moreover in accordance with a preferred embodiment of

the present invention the portable product information entry

device is operative to directly write product information onto

the electronic display.

There is also provided in accordance with yet another

preferred embodiment of the present invention a method of repow-

ering an electronic shelf label including the following a hous-

ing^ an electrically driven display mounted in the housing, at

least one electrically powered illuminator, at least one replace-

able energy source powering the electrically driven display and

the at least one electrically powered illuminator^ and a data

communicator providing display data to the electrically driven

display from an external data source, the method including the

following step replacing the at least one replaceable energy

course without requiring dismounting of the housing from a

mounting location.

'^^Q^Q is thus provided in accordance with yet another

preferred embodiment of the present invention an electronic shelf

label system including a multiplicity of electronic shelf la-

bels, each electronic shelf label includes an RF receiver for

receiving information relating to the electronic shelf label, and



an electronic display for displaying product information based on

the information received by the RF receiver, and at least one

transmitter transmitting RF transmissions containing the infor-

mation to the multiplicity of electronic shelf labels, the at

least one transmitter being characterized in that it transmits

information including both price and product description.

Further in accordance with a preferred embodiment of

the present invention the electronic display displays both the

price and the product description.

Still further in accordance with a preferred embodiment

of the present invention the receiver receives the information

including both price and product description.

Additionally in accordance with a preferred embodiment

of the present invention the electronic display comprises a

unitary LCD display.

Moreover in accordance with a preferred embodiment of

the present invention the receiver receives the price informa-

tion and wherein the product information is supplied to the

electronic display other than via the receiver.

Furthermore in accordance with a preferred embodiment

of the present invention the electronic display includes at

least two separate LCD displays, at least one of which is opera-

tive to display price information received via the receiver and

-at-least-one-of—whi-ch--i-s-operative-to^^^ product information

received other than via the receiver.

Additionally in accordance with a preferred embodiment

of the present invention the electronic shelf label system also
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includes a portable product information entry device which is

operative to supply product information to the electronic dis-

play when in propinquity thereto.

Preferably the portable product information entry

device is operative to receive a transmission from the transmit-

ter including the product information and to provide the

product information to the electronic display when in propinqui-

ty thereto.

Furthermore in accordance with a preferred embodiment

of the present invention the electronic shelf labels are flexi-

ble.

Still further in accordance with a preferred embodiment

of the present invention the portable product information entry

device is operative to directly write product information onto

the electronic display.

13



BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood and appreciat-

ed more fully from the following detailed description in which:

Fig. 1 is a simplified pictorial view illustration of

an electronic shelf label system constructed and operative in

accordance with a preferred embodiment of the present invention;

Fig. 2 is a simplified exploded view pictorial illus-

tration of a fuel cell constructed and operative in accordance

with a preferred embodiment of the present invention;

Fig. 3 is a simplified partially cut-away illustration

of the fuel cell of Fig. 2;

Fig. 4 is a simplified exploded view pictorial illus-

tration of an electronic shelf label constructed and operative in

accordance with a preferred embodiment of the present invention

and including a fuel cell of the type illustrated in Figs. 2 & 3;

Figs. 5A & 5B are each a partially sectional, partially

pictorial illustration of a fuel cell of the type shown in Figs.

2 & 3 coupled with a fuel tank in an arrangement such as that

employed in the embodiment of Fig. 4;

Fig. 6 is a simplified pictorial illustration of an

electronic shelf label constructed and operative in accordance

with preferred embodiment of the present invention;

Fig. 7 is a simplified pictorial illustration of re-

fueling the electronic shelf labels in accordance with one embod-

iment of the present invention;

Fig. 8 is a simplified pictorial illustration of re-

placing an energy source in the electronic shelf labels in ac-

cordance with one embodiment of the present invention;
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Fig. 9 is a simplified diagrammatic illustration, taken

along the line IX - IX in Fig. 8, which is useful in understand-

ing the advantages of the structure of the embodiment of Fig. 8;

Fig. 10 is a simplified diagrammatic illustration of a

receiver useful in the system of Fig. 1;

Fig. 11 is a simplified pictorial view illustration of

an electronic shelf label system constructed and operative in

accordance with another preferred embodiment of the present

invention;

Fig. 12 is a simplified pictorial view illustration of

an electronic shelf label system constructed and operative in

accordance with still another preferred embodiment of the present

invention;

Fig. 13 is a simplified pictorial view illustration of

an electronic shelf label constructed and operative with a fur-

ther preferred embodiment of the present invention; and

Fig. 14 is a simplified pictorial view illustration of

an electronic shelf label system constructed and operative in

accordance with yet another preferred embodiment of the present

invention which uses an RF data link.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Reference is now made to Fig. 1, which is a simplified

pictorial view illustration of an electronic shelf label system

constructed and operative in accordance with a preferred embodi-

ment of the present invention. The system of Fig. 1 typically

includes one or more servers 10 which may be located on the

premises of a shop, such as a supermarket or alternatively may be

located remotely therefrom and connected thereto by means of any

suitable communication subsystem.

Located within the premises of the shop are one or more

transceiver assemblies 12, which typically include a CPU 14,

which is typically coupled to a plurality of LEDs 16 for optical

information transmittal and to a plurality of optical sensors 18

for optical information receipt • Normally, the information trans-

mittal and receipt is carried out using an infrared communica-

tion methodology.

A multiplicity of electronic shelf labels 20 are dis-

posed throughout the shop, typically on shelf edges. In accord-

ance with a preferred embodiment of the present invention, the

electronic shelf labels 20 are each in wireless communication

with one or more transceiver assemblies 12 for receiving and

confirming information updates for display by the electronic

shelf labels 20.

In accordance with a preferred embodiment of the

present invention, each electronic shelf label 20 includes an LCD

display 22 disposed in a housing 24 including a protective, at

least partially transparent, cover layer 26 disposed over the LCD

display 22 and in spaced relationship thereto. An at least par-
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tially transparent intermediate layer 28 is preferably formed

over the LCD display 22 and substantially fills the space between

the LCD display 22 and the protective at least partially trans-

parent cover layer 26,

The electronic shelf label 20 also comprises an IR

emitter 29, such as a LED, for data transmission from the elec-

tronic shelf label 20 to an optical sensor 18 which is located

in the transceiver 12. Additionally, the electronic shelf label

20 includes a photodiode 31 for receiving data transmissions from

the LEDs 16, located in the transceiver 12.

Preferably, the at least partially transparent interme-

diate layer 28 has an index of refraction which is selected so as

to minimize reflection at interfaces between the at least par-

tially transparent intermediate layer 28 and both LCD display 22

and the protective at least partially transparent cover layer 26.

In accordance with a preferred embodiment of the inven-

tion, the at least partially transparent intermediate layer 28 is

located with respect to LCD display 22 and to the protective at

least partially transparent cover layer 26 so as to substantially

eliminate air gaps therebetween.

As seen in Fig. 1, and described hereinbelow in greater

detail, the electronic shelf label 20 preferably includes at

least one fuel cell 30 powering the LCD display 22 and preferably

ot^her-eiements -of--the—electronic -she±f-i:at3el .

Additionally, as seen in Fig. 1, the electronic shelf

label 20 preferably includes at least one electrically powered

illuminator, which is powered by the fuel cell 30. The illumina-
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tor may be a flashing led 32. Alternatively or additionally, the

illuminator may include a backlight (not shown) for LCD display

22. The backlight may include an electroluminescent element, an

LED or any other suitable illumination element. It is also appre-

ciated that the LCD display 22 may be replaced by any other

suitable type of electrically powered display.

The fuel cell 30 preferably has an average mean power

output of less than approximately 50 microwatts and an average

peak power output of less than approximately 3 milliwatt. The

fuel cell 30 is in fluid communication with a fuel tank 34. Fuel

tank 34 preferably is fluid refuelable without requiring dis-

mounting of the housing 24 from its mounting location. In accord-

ance with one embodiment of the present invention, the at . least

one fuel cell is replaceable without requiring dismounting of the

housing from its mounting location.

Preferably, the fuel tank 34 has sufficient energy

storage capacity such that the electrically powered illuminator

and the electrically driven display have an average lifetime

without requiring repowering of at least six months.

Reference is now made to Fig. 2, which is a simplified

exploded view pictorial illustration of a fuel cell, such as fuel

cell 30 (Fig. 1), constructed and operative in accordance with a

preferred embodiment of the present invention and to Fig. 3,

which is a simplified partially cut-away illustration of the fuel

cell of Fig. 2.

As seen in Figs. 2 & 3, the fuel cell typically in-

cludes first and second printed circuit boards 40 and 42, each

having plated-through electrical contacts formed thereon. The
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electrical contacts on circuit boards 40 and 42 are respectively

designated by reference numerals 44 and 46. The electrical con-

tacts 44 and 46 on respective first and second printed circuit

boards 40 and 42 are preferably in partial registration with

each other about respective apertures 48 and 50.

A plurality of electrodes 52 are located in respective

apertures 48 and a plurality of electrodes 54 are located in

respective apertures 50.

A membrane 56 is disposed between the first and second

printed circuit boards 40 and 42, providing electrical insulation

between the electrical contacts 44 and 46 on respective first and

second printed circuit boards 40 and 42 and permitting ionic

transfer thereacross between respective electrodes 52 and 54.

Electrodes 52 located in apertures 48 on the first

printed circuit board 40 are exposed to a. fuel, such as any

suitable hydrocarbon fuel, and the electrodes 54 located in aper-

tures 50 on the second printed circuit board 42 are exposed to

air.

Reference is now made to Fig. 4, which is a simplified

exploded view pictorial illustration of an electronic shelf

label, such as electronic shelf label 20 (Fig. 1), constructed

and operative in accordance with a preferred embodiment of the

present invention and including a fuel cell of the type illus-

trated in Figs. 2 & 3 and to Figs. 5A & SB are each a partially

sectional, partially pictorial illustration of a fuel cell of the

type shown in Figs. 2 & 3 coupled with a fuel tank in an arrange-

ment such as that employed in the embodiment of Fig. 5B. it is
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noted that Fig. 5A is cut along section line VA - VA shown in

Fig. 4, while Fig. 5B is cut along section line VB - VB shown in

Fig. 4. Reference is also made to Fig. 6.

As seen in Figs. 4, 5A, 5B and Fig. 6 and as described

briefly above with reference to Fig. 1, the electronic shelf

label 20 preferably comprises an LCD display 22, or any other

suitable electrically driven display. The LCD display may be a

conventional LCD display, preferably employed HTN technology,

which is available from multiple vendors, such as Display Tech of

Hong Kong and Yeboo of China.

The LCD display 22 is located in housing 24, typically

including two parts which are typically snap-fit or press-fit

together. Figs. 4, 5A & 5B illustrate respective front and rear

housing portions 60 and 62. The front housing portion 60 prefera-

bly includes a protective, at least partially transparent, cover

layer 26, which is disposed over the LCD display 22 and in spaced

relationship thereto. An at least partially transparent interme-

diate layer 28, which is not seen in Figs. 5A and 5B,is prefera-

bly formed over the LCD display 22 and substantially fills the

space between the LCD display 22 and the protective at least

partially transparent cover layer 26.

Preferably, the at least partially transparent interme-

diate layer 28 has an index of refraction which is selected so as

to minimize reflection at interfaces between the at least paT-

tially transparent intermediate layer 28 and both LCD display 22

and the protective at least partially transparent cover layer 26.

In accordance with a preferred embodiment of the inven-

tion, the at least partially transparent intermediate layer 28 is
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located with respect to LCD display 22 and to the protective at

least partially transparent cover layer 26 so as to substantially

eliminate air gaps therebetween.

An additional possible advantage of the provision of at

least partially transparent intermediate layer 28 is the substan-

tial elimination of the appearance of Newton rings or other types

of Moire-type interference rings due to propinquity of the LCD

display 22 and the cover layer 26.

As noted above with reference to Fig. 1, the electronic

shelf label 20 preferably includes at least one fuel cell 30

powering the LCD display 22 and preferably other elements of the

electronic shelf label. The fuel cell 30 is preferably construct-

ed and operative as described hereinabovie with reference to Figs.

2 and 3 and is preferably associated with fuel tank 34, which

preferably fills most of the volume of the housing 24 which is

not taken up by the remaining elements of the electronic shelf

label, as seen clearly in Fig. 5B. Fuel tank 34 may be refueled

via a fueling port 36 which communicates with the fuel tank 34

via a one-way valve 38.

Additionally, as also seen in Fig. 1, the electronic

shelf label 20 preferably includes at least one electrically

powered illuminator, which is powered by the fuel cell 30. In the

illustrated embodiment, the illuminator is a flashing LED 32,

which is mounted on the LCD display 22.

Referring additionally to Fig. 7, it is seen that the

electronic shelf labels 20 constructed and operative in accord-

ance with the illustrated embodiment of the present invention may
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be refueled by hand, using a refueling tool 65, via a refueling

port 36 formed in the front housing portion 60 and conununicating

with fuel tank 34 (as shown in Fig. 4). It is appreciated that

such refueling may readily be accomplished without requiring

removal of the electronic shelf label 20 from its mounting.

Reference is now made to Fig. 8, which is a simplified

pictorial illustration of replacing an energy source in the

electronic shelf labels in accordance with one embodiment of the

present invention. As seen in Fig. 8, an energy source 70, which

may be, for example, a battery or a fuel tank of a fuel cell, may

be readily replaced in an electronic shelf label 72 without

requiring detachment of the electronic shelf label 72 from its

mounting location. The energy source 70 may be snap fit mountable

in the electronic shelf label 72 or be removably and replaceably

mounted therein in any other suitable manner.

Reference is now made to Fig. 9, which is a simplified

diagrammatic illustration, taken along the line IX - IX in Fig.

6, and which is useful in understanding the advantages of the

structure of the embodiment of Fig. 6. As seen in Fig. 9, the

presence of the at least partially transparent intermediate layer

28 having an index of refraction which is selected so as to

minimize reflection at interfaces between the at least partially

transparent intermediate layer 28 and both LCD display 22 and

the protective at least partially transparent cover layer 26

produces an enhanced display output intensity, indicated by solid

arrow 39 as compared with an embodiment without layer 28 or

having a layer 28 with a substantially non-optimal index of

refraction, whose display output intensity is indicated by a
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dashed arrow 40- The difference in amplitude and intensity be-

tween outputs 39 and 40 is accounted for by additional reflec-

tions at the boundary between the housing 24 and the intermedi-

ate layer 28 and between the LCD display 22 and the intermediate

layer 28/ as illustrated in Fig. 9.

It is appreciated that layer 28 preferably is selected

to have an index of refraction which is identical to one or both

of layers 22 and 26, Another preferred solution is that the index

of refraction of layer 28 vary from an index of refraction iden-

tical to that of layer 22, adjacent layer 22 to an index of

refraction identical to that of layer 26, adjacent layer 26.

Alternatively the index of refraction of layer 28 may not be

optimal but may nevertheless provide a result which is enhanced

as compared with the absence of layer 28.

Reference is now made to Fig, 10, which is a simplified

diagrammatic illustration of a preferred embodiment of a receiver

100 useful in the present invention, such as optical sensor 18

(Fig. 1) located within the transceiver 12 in the system of Fig.

1. As seen in Fig. 10, the receiver 100 preferably includes two

processing channels, here designated by reference numerals 101

and 102. Both of the channels 101 and 102 receive radiation

including both IR communication signals from electronic shelf

labels 104 and possibly other IR communicators 106 as well as

ambient radiation such as that from incandescent and fluorescent

lamps 108. This ambient radiation includes both visible radiation

and IR interference, which must be somehow separated from the IR

communication signals

.
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Channel 101 includes an optical filter 110 which

generally passes only radiation in the IR band, typically from

850 - 950 nm. The output of optical filter 110 is sensed by a

photodiode 112, whose output is amplified by an amplifier 114 and

passed through a low pass frequency filter 116 and supplied to an

A/D converter 118.

Channel 102 includes a optical filter 120 which gener-

ally passes only radiation in the visible band, typically from

350 - 750 nm. The output of optical filter 120 is sensed by a

photodiode 122, whose output is amplified by an amplifier 124 and

passed through a low pass frequency filter 126 and supplied to an

A/D converter 128.

The outputs of A/D converters 118 and 128 are prefera-

bly supplied to a digital signal processor (DSP) 130 or to any

other suitable CPU. Preferred functionality of the DSP 130 to

cancel the noise in the output of A/D converter 118 based on the

output of A/D converter 128. This functionality is based on an

appreciation that the electromagnetic interference in the visible

band has certain similarities to that in the IR band.

Reference is now made to Fig. 11, which is a simplified

pictorial view illustration of an electronic shelf label system

constructed and operative in accordance with another preferred

embodiment of the present invention. As seen in Fig. 11, there is

provided an electronic shelf label system comprising a multi-

plicity of electronic shelf labels 150 each including inter alia

an IR receiver 152 for receiving infonnation relating to the

electronic shelf label 150 and an electronic display 154 for

displaying price and product information based on the information
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received by the IR receiver 152. The electronic display 154 is

preferably a unitary LCD display.

The system also includes at least one transmitter 156,

providing IR transmissions containing information to the multi-

plicity of electronic shelf labels 150. It is a particular fea-

ture of the present invention that the transmitter 156 transmits

not only price information to labels 150. Preferably transmitter

156 transmits both price and product description information,

which is preferably displayed concurrently on electronic display

154.

In accordance with an embodiment of the present inven-

tion, other information transmitted by transmitter 156 may also

be displayed in additional display modes. This information may

include, for example, stock information, shelf width information

and other information which is normally not displayed to custom-

ers but may be displayed to aisle managers at suitable times or

upon appropriate actuation by authorized personnel.

Reference is now made to Fig. 12, which is a simplified

pictorial view illustration of an electronic shelf label system

constructed and operative in accordance with still another pre-

ferred embodiment of the present invention. The system of Fig. 12

may be similar to that of Fig. 11, and preferably includes a

multiplicity of electronic shelf labels 170 each including inter

alia an IR receiver 172 for receiving information relating to the

electronic shelf label 170 and an electronic display 174 for

displaying price and product information. In the system of Fig.

12, at least part of the information displayed on electronic
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display 174 is supplied to the electronic shelf label 170 by a

hand held unit 176.

The electronic display 174 is preferably a two-part LCD

display including a first part 178 which displays information

received by the IR receiver 172 and a second part 180 which

displays information which is written therein by hand-held unit

176. Hand held unit 176 is preferably operative to directly write

information onto second part 180 of electronic display 174. An

example of a suitable hand-held unit 176 useful for this purpose

is a model PT2000 Portable Terminal, commercially available from

PSC INC. of Webster, New York, U.S.A., which is typically at-

tached to a LCD writing device (not shown). The LCD writing

device communicates with the hand-held unit 176 for replacing

"old" product data from the LCD 180 with "new" product data. An

example of a display 180 which is suitable for use with unit 176

is a bistable LCD. The hand-held unit 176 is typically operative

when in propinquity or even in contact with the second part 180

of display 174. Alternatively direct writing of information onto

second part 180 of electronic display 174 need not be carried out

by a hand-held unit and need not take place at the shelf.

The system also includes at least one transmitter 182,

transmitting IR transmissions containing the price information to

the multiplicity of electronic shelf labels 170. It is a particu-

lar feature of the present invention that the hand held unit 176

and/or the transmitter 182 may transmit not only price informa-

tion to labels 170.

Preferably both price and product description informa-

tion is displayed concurrently on electronic display 174. In

26



accordance with an embodiment of the present invention, other
information may also be displayed in additional display modes.

This information may include, for example, stock information,

shelf width information and other information which is normally

not displayed to customers but may be displayed for aisle manag-

ers at suitable times or upon appropriate actuation by authorized

personnel

.

Reference is now made to Fig. 13, which is a simplified

pictorial view illustration of an electronic shelf label con-

structed and operative with a further preferred embodiment of the

present invention. As seen in Fig. 13, there is provided in

accordance with a preferred embodiment of the present invention a

flexible electronic shelf label 200, which is particularly useful

and provides ease of mounting in conventional shelf edge mounts

202. The flexible electronic shelf label 200 preferably comprises

a flexible plastic liquid crystal display 204 or other flexible

electronic display, onto which are preferably mounted a trans-

ceiver 206, a power supply 208, such as a thin paper like battery

commercially available from Power Paper Ltd. of Kibbutz Einat,

Israel, or a fuel cell, and electronic control circuitry 210. The

electronic shelf label 200 may operate in any suitable manner

known in the art, inter alia in a manner shown and described

hereinabove

.

Reference is now made to Fig. 14 which is a simplified

pictorial view illustration of an electronic shelf label system

constructed and operative in accordance with yet another pre-

ferred embodiment of the present invention which uses an RF data
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link.

The system of Fig. 14 typically includes one or more

servers 310 which may be located on the premises of a shop, such

as a supermarket or alternatively may be located remotely there-

from and connected thereto by means of any suitable communication

subsystem.

Located within the premises of the shop are one or more

RF transceiver assemblies 312. Information transmittal and

receipt is carried out using RF communication methodology.

In accordance with a preferred embodiment of the

present invention, transceiver assembly 312 includes at least

one RF antenna 316.

A multiplicity of electronic shelf labels 320 are

disposed throughout the shop, typically on shelf edges. In ac-

cordance with a preferred embodiment of the present invention,

the electronic shelf labels 320 are each in wireless communica-

tion with one or more transceiver assemblies 312 for receiving

and confirming information updates for display by the electronic

shelf labels 320.

^n accordance with a preferred embodiment of the

present invention, each electronic shelf label 320 includes the

LCD display 322 disposed in the housing 324 including the protec-

tive, at least partially transparent, cover layer 326 disposed

over the LCD display 322 and in spaced relationship thereto. An

at least partially transparent intermediate layer 28 is prefera-

bly formed over the LCD display 322 and substantially fills the

space between the LCD display 322 and the protective at least

partially transparent cover layer 326.
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The electronic shelf label 320 also comprises an rf

antenna 329 for data transmission and receiving from and to the

electronic shelf label 320 to the antenna 316 which is located
on the transceiver 312.

Preferably, the at least partially transparent interme-

diate layer 328 has an index of refraction which is selected so
as to minimize reflection at interfaces between the at least par-

tially transparent intermediate layer 328 and both LCD display

322 and the protective at least partially transparent cover layer
326.

In accordance with a preferred embodiment of the inven-

tion, the at least partially transparent intermediate layer 328

is located with respect to LCD display 322 and to the protective

at least partially transparent cover layer 326 so as to substan-

tially eliminate air gaps therebetween.

As seen in Fig. 14, the electronic shelf label 320

preferably, includes at least one fuel cell 330 powering the LCD

display 322 and preferably other elements of the electronic shelf

label 320. The fuel cell 320 and its respective members are de-

scribed hereinabove with respect to Figs. 2 and 3.

Additionally, as seen in Fig. 14, the electronic shelf

label 320 preferably includes at least one electrically powered

illuminator, which is powered by the fuel cell 330. The illumina-

tor may be a flashing LED 332. Alternatively or additionally, the

illuminator may include a backlight (not shown) for LCD display

322. The backlight may include an electroluminescent element, an

LED or any other suitable illumination element. It is also appre-
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ciated that the LCD display 322 may be replaced by any other

suitable type of electrically powered display.

The fuel cell 330 preferably has an average mean power

output of less than approximately 50 microwatts and an average

peak power output of less than approximately 3 milliwatt. The

fuel cell 330 is in fluid communication with a fuel tank 334.

Fuel tank 334 preferably is fluid refuelable without requiring

dismounting of the housing 334 from its mounting location. In

accordance with one embodiment of the present invention, the at

least one fuel cell is replaceable without requiring dismounting

of the housing from its mounting location.

Preferably, the fuel tank 334 has sufficient energy

storage capacity such that the electrically powered illuminator

and the electrically driven display have an average lifetime

without requiring repowering of at least six months.

It is appreciated that the embodiments described herei-

nabove with respect to Figs. 4 to 8 and 10 to 13, may also use

an RF data link.

It will be appreciated by persons skilled in the art

that the present invention is not limited by what has been par-

ticularly shown and described hereinabove. Rather the scope of

the present invention includes both combinations and subcombina-

tions of the various features described hereinabove as well as

variations and modifications which would occur to persons skilled

in the art upon reading the specification and which are not in

the prior art.
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